In the implementation of the coordinated development in Beijing-Tianjin-Hebei, the co-construction and sharing of the ecological environment have been a hot spot. The paper aims at ecological environment compensation problem with the industrial chain and product consumption of Beijing-Tianjin-Hebei. Based on input-output table, it can obtain virtual carbon footprint and the virtual solid waste footprints of BeijingTianjin-Hebei. And it will clear the relationship of regional land resources area of compensation to research different cooperation of regional compensation modes. On this basis, the Beijing-Tianjin-Hebei aims at the atmosphere, land resources compensation mechanism of cooperation.
INTRODUCTION
The Beijing-Tianjin-Hebei region is able to work together on account of geopolitical connecting. In the field work about the third anniversary of the strategic development of the Beijing-Tianjin-Hebei region in 2017.However, the contradiction that the development of the Beijing-Tianjin-Hebei is relative to the long triangle and the Pearl River delta region is still evident. Therefore, it should focus on expanding environmental capacity of ecological space.
The ecological footprint method is used to measure the extent of human utilization of natural resources and determine whether human consumption activities have exceeded the capacity of the regional ecosystem [1] . The solid waste footprint refers to the area of land used by the industrial discharge of solid waste. The virtual footprint is made up of local consumption of other regional products and the variable value of local products for consumption in other regions.
Scholars usually study the methods of ecological compensation, using the choice test method [2] , willingness to pay [3] , the ecosystem services value [4], ecological footprint [5] , etc. Foreign researchers mainly have analyzed the carbon footprint from different levels [6] [7] [8] [9] [10] input-output table, it researches the amount of carbon footprint and solid waste footprint transferring with the industrial chain and product consumption. It calculates practical carbon footprint and solid waste footprint of Beijing-Tianjin-Hebei three provinces and cities. Among the three kinds of land resource compensation area it can carry out the regional differences of compensation method.
RESEARCH METHODS AND INDEXES
The model of calculating the virtual carbon footprint.
The input and output model of region is a cross-regional input and output model that it utilizes the consumption movement of products to make multi-area the input and output model combined. The virtual carbon footprint of the Beijing-Tianjin-Hebei is calculated by using the 2014 regional input and output table.
According to the report of IPCC, forests and grasslands are the major carbon sinks; Forests absorb 87.72% and the grasslands absorb17.28% in 1t carbon. The calculation is as follows:
A is the carbon footprint of i region; f A is footprint of the forest by fossil fuels producing; g A is footprint of the grassland by fossil fuels producing; i C is carbon emission of i region; f P is 87.72%; g P is 17.28%; f EP , g EP accordingly represent the average carbon absorption capacity about forest and grassland 3.8096t/hm2, 0.9482t/hm2.
Calculating ecological compensation based on the virtual footprint.
Ecological service equivalent factor refers to the relative contribution of the ecosystem potential ability. The net profit of farmland ecosystem in unit area is the ecosystem service value of 1 standard equivalent factor. The formula is as follows: 
ANALYSIS OF RESULT Ecological compensation for land resources
Forest land and grassland are the main land types of carbon sinks, and arable land is an important land resource for the Beijing-Tianjin-Hebei region development. It can ease problems that carbon emissions in the atmosphere pollution have been reducing and cultivated land area is decreasing.
Ecological compensation based on virtual carbon footprint

CALCULATING THE VIRTUAL CARBON FOOTPRINT
According to the amount of forestland and grassland absorbing carbon emission, it can get the virtual carbon footprint of the Beijing-Tianjin-Hebei region, as shown in Table 2 .
Virtual carbon footprint in Beijing is 2708940hm2, of which the proportion of the region is 98.47%. Beijing provides the consumption of products for Tianjin (0.73%) and Hebei (0.80%); Tianjin virtual carbon footprint is 19644806 hm2, of which the proportion of the region is 98.47%. Tianjin accordingly provides the consumption of products for Beijing (3.45%) and Hebei, 2.53%; the proportion of the region of virtual carbon footprint in Hebei is 92.64%. Hebei provides the consumption of products for Beijing (4.47%) and Tianjin (2.89%). Beijing undertakes a carbon footprint for Tianjin 658856.66hm2, for Hebei 433204.34hm2.Hebei undertakes a carbon footprint for Tianjin 202410.32hm2. According to the result of carbon footprint and the economic value of ecological service value equivalent factor, it can obtain the ecological compensation in BeijingTianjin-Hebei region.
Beijing need pay for ecological compensation to Tianjin 27.72 billion yuan, Hebei 18.22 billion yuan. Based on the relation of carbon footprint, Hebei pays for ecological compensation to Tianjin 8.51 billion yuan. The total of compensation in Tianjin is 36.23 billion yuan, and Hebei is 9.71 billion yuan.
Ecological compensation based on virtual solid waste footprint
CALCULATING THE VIRTUAL SOLID WASTE FOOTPRINT
Due to the industrial structure adjustment, the pollution transferring of solid waste is got with the industrial chain in the three provinces of Beijing-Tianjin-Hebei region. It obtains the virtual solid waste footprint, as shown in Table 4 .
The total of virtual solid waste footprint in Beijing is 6645.06hm2, of which the proportion of the region is 33.77%. Beijing accordingly provides 13.31%, 48.92% the consumption for Tianjin and Hebei; the total of virtual solid waste footprint in Tianjin is 24133.5hm2, of which the proportion of the region is 99.23%. Tianjin provides the consumption of products for Hebei, 1070.15hm2.
ANALYZING ECOLOGICAL COMPENSATION BASED ON VIRTUAL SOLID WASTE FOOTPRINT
It is got that the land capacity and the transferring relationship between the solid waste footprint and the solid waste footprint, as shown in Table 5 . It obtains the Beijing-Tianjin-Hebei solid waste footprint and mutual responsibility based on input-output table. Beijing and Tianjin are the main compensation parties. Beijing pays 0.137 billion yuan for ecological compensation to Hebei. Tianjin pays 0.045 billion yuan for ecological compensation to Hebei.
SUMMARY
According to the type of land resources, the Beijing-Tianjin-Hebei region will conduct ecological cooperation, clarify the allocation of ecological responsibilities, build ecological protection forest land and grassland, and reduce the occupation of cultivated land resources.
According to the ecological compensation quota, the responsibility should be shared to strengthen the cooperation between the Beijing-Tianjin-Hebei and focus on the industrial structure of Tianjin to reduce the carbon emission.
Calculating ecological compensation based on virtual solid waste footprint, Beijing should pay 0.137 billion yuan for ecological compensation to Hebei. Tianjin pays 0.045 billion yuan for ecological compensation to Hebei. Beijing pays 0.037 billion yuan for ecological compensation to Tianjin. It will focus on handling and disposing of industrial solid waste to free up more arable land resources for regional coordinated development.
